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Abstract 
 
Introduction and aim: Foods rich in nutrients have a positive effect on the human body. They are 
beneficial both for the health and the mind of human. Good sources of essential fatty acids and other 
biologically active compounds are oilseeds. It is important to include them in your daily diet. They 
can be added to dishes or serve as a snack. 
Brief description of the state of knowledge: The aim of this study was to evaluate of fatty acid 
composition in selected consumer oilseeds: sunflower, sesame, flax after application of typical 
technological processes such as roasting and baking, in different temperature, power and time ranges. 
In the research materials (before and after modification), the fatty acid composition was determined 
by gas chromatography. 
Summary: Based on obtained results, it was found that roasting and baking have an influence on the 
change in the content and composition of fatty acids. The strength of influence was dependent on the 
parameters (e.g. type of seed, temperature, time, power), which were used in the research. The 
roasting in the oven caused changes in the composition of saturated and unsaturated fatty acids, both 
in flax and sunflower seeds. The roasting in the microwave at 900 W affected on saturated fatty acids 
composition in flax seeds, similarly sunflower. In the case of sesame seeds, the influence of time on 
the content of mono- and polyunsaturated fatty acids was noted. The baking process caused 
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significant changes in the fatty acid composition in the seeds from the crust of bread (flax seeds, 
sunflower seeds). 
 
Key words: roasting, baking, fatty acid composition, flax seeds, sunflower seeds, sesame seeds 
 
Introduction 
 The characteristic feature of oilseeds is the ability to collect large amounts of fat in fruits or 
seeds [1], which is one of the most important nutrients for the human body. It plays a significant role 
in many life processes [2], takes part in the synthesis of biologically active compounds, is a source of 
energy and also of unsaturated or saturated fatty acids [3]. 
 Unsaturated fatty acids are of great importance to functions in the human body. They 
participate in the biosynthesis of many tissue hormones and in the transport and oxidation of 
cholesterol, also they are building block of cell membranes. Commonly known properties of 
unsaturated fatty acids are their beneficial effect on cardiovascular system [4], as well they prevent 
the development of many civilization diseases like cancer, atherosclerosis, obesity, diabetes [3, 5, 6]. 
The negative effect of saturated fatty acids on human health is mainly due to their effects on level of 
total cholesterol, in particular LDL (Low Density Lipoproteins) fraction, which leads to 
hypercholesterolaemia. Despite this, saturated acid are a good source of energy [7]. 
 The oilseeds production in the world is constantly growing. It is associated with a wide 
possibility of their use - as sources for food production, animal feed, cosmetics, pharmaceuticals or 
also for technical fats (emulsifiers, biofuels, paints) [1]. The use of seeds in the food industry mainly 
involves the extraction of edible oils [8]. However, lately, more people are using them to make their 
dishes more attractive and to prepare snacks such as popcorn, roasted seeds, fried seeds, cookies, 
muesli bars, etc. [9, 10]. Often, seed additives are also used in baking [11]. Therefore, oilseeds 
(sunflower, sesame, flax) are often subjected to thermal processes such as roasting, drying, frying, 
microwaving, which have a positive influence on the taste and appearance of the product. However, 
heat treatment can cause changes in the content and structure of biologically active compounds [12]. 
 In the literature, there is a little information about the impact of modification such as roasting 
and baking on the bioactive compounds content. Therefore, the aim of the research was to investigate 
changes in the composition of fatty acids under the influence of selected technological processes 
(roasting in the oven, roasting in the microwave, baking). 
 
Material and methods 
Research material 
 The material for the research was 3 types of consumer oilseeds – sunflower seeds, sesame 
seeds, flax seeds. All materials were purchased in a supermarket located in Olsztyn. Sunflower seeds 
were purchased by weight, while sesame seeds and flax seeds were purchased in packages of 200 g. 
The research materials were characterized by good taste, smell and appearance. The seeds also had 
an appropriate expiry date. 
 The oilseeds were studied before and after heat treating. Three types of heat treating were 
used: roasting in oven, roasting in microwave and baking [Tab. 1]. 
 
Preparation of the heat treated oilseeds: 
 Whole seeds were subjected to the following treatments: 
- roasting in the oven, 10 g seeds were placed in 100 ml glass breaker and were heated in convection-
steam electronic oven UNOX ChefTop Plus (Cadoneghe, Italy) at 180, 200, 220oC for 10 and 15 
minutes; 
- roasting in the microwave, 10 g seeds were placed in 100 ml glass breaker and were heated in LG 
microwave (Warsaw, Poland) at various powers: 400, 650 and 900 W for 5 and 9 min; 
- baking, seeds were added to the dough, which was baked in the oven at 230°C; baking of bread was 
made using the method of the Berlin Baking Institute - 152.5 ml of water, 3.5 g of salt dissolved in 
20 ml of water, 10.5 g of pressed yeast dissolved in 20 ml of water were added to 250 g of wheat 
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flour type 650 with 15% humidity, and then all components were mixed with a laboratory mixer for 
5 min. 50 g seeds were added to the dough and mixed thoroughly. The dough was fermented in a 
fermentation chamber at 32°C for 120 min, where after 80 minutes the dough was pierced by manual 
mixing and re-placed in the fermentation chamber for 40 minutes. At the end of the fermentation 
process, the dough formed into 250 g dough piece, which were placed in baking mold and sprinkled 
with 50 g of seeds. The piece left to obtain adequate growth. Breads were baked in a convection-
steam electronic oven UNOX ChefTop Plus (Cadoneghe, Italy) at 230°C for 25 minutes. After 
cooling, from the crumb and the crust, the seeds were separated and were analyzed. 
 Oilseeds without modification (untreated seeds, control samples) and after modification 
(treated seeds) were ground in an Ika-Werke GmbH M20 laboratory mill (Staufen im Breisgau, 
Germany) and then fatty acid composition was determined. 
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Table 1. Types of modifications used in the study.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Determination of fatty acids composition 
Methyl-esters of fatty acids were prepared according to Zadernowski and Sosulski [13] and 
their analysis was carried out by applying a GC–MS QP2010 PLUS (Shimadzu, Kyoto, Japan) 
system. The chromatographic conditions were described in the work of Czaplicki at al. [14]. 
 
Statistical analysis 
The results were collected in tables and based on them, using Microsoft Excel 2010, the mean 
average, the standard deviation and the coefficient of variation were determined. 
 
Overview of the results 
Fatty acid composition of flax seeds 
The fat in untreated flax seeds characterized by a high content of linolenic acid (C18:3), which 
belongs to the group of unsaturated fatty acids. Its share in flax seeds fat was almost 50%. Other fatty 
acids of this group, such as oleic acid (C18:1) and linoleic acid (C18:2), were characterized by a 
similar high level of content. The share of oleic acid was 23.42%, while the share of linoleic acid was 
15.16%. Flax seeds fat contained low level of saturated fats. In this research, there was presence of 
two saturated acids – palmitic acid (C16:0) and stearic acid (C18:0), whose shares were 7.10% and 
4.63%, respectively [Tab. 2].  
 Bean and Leeson [15] analyzed the composition of fatty acids of 23 different flax seeds. Their 
results are at a similar level of content as in this study. The shares of C16:0 and C18:1 were lower by 
2-5%, while the share of C18:3 was higher by almost 10% than in this study. The higher share of 
C18:3 (76.52%) was also noted by Mińkowski et al. [16]. Popis at al. [17] analyzed fatty acid 
composition of oil type flax seeds and their results were similar like presented at this study. 
The used types of modifications had an influence on fatty acid composition in flax seeds [Tab. 
2]. Application of roasting in the oven at 180 and 220oC (in both cases 10 and 15 min) caused a slight 
decrease in the share of C16:0 by 3-5%. An increase in the share of this fatty acid was observed at 
200oC and 15 min modification, up to a value of 7.40%. Similar trends were observed with C18:1. 
The share of this fatty acid was at 180oC – 22.50% (10 min), 23.23% (15 min) and at 220oC – 22.12% 
(10 min), 22.75% (15 min), but at 200oC modification was noticed increase of its share up to 3% (15 
min). The share of C18:0 was reduced by 7% during roasting in the oven at 220°C for 15 minutes, 
while its increase was observed at 200oC in both times (10, 15 min), and was 5%. The use of roasting 
No. 
type of 
modification 
parameters 
temperature 
[oC] 
power   
[W] 
time 
[min] 
1. - - - - 
2. 
roasting in 
the oven 
180 - 10 
3. 180 - 15 
4. 200 - 10 
5. 200 - 15 
6. 220 - 10 
7. 220 - 15 
8. 
roasting in 
the 
microwave 
- 400 5 
9. - 400 9 
10. - 650 5 
11. - 650 9 
12. - 900 5 
13. - 900 9 
14. 
baking 
≤100 - 25 
15. ≤230 - 25 
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in the oven at 200oC (both 10, 15 min) increased the share of C18:2, up to 16.18% (10 min) and 
18.79% (15 min). In the case of C18:3 changes were in range of 1-3%. 
 
Table 2. Fatty acid composition [%] in flax seeds - before and after modifications. 
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:3
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1. - - 
?̅? 7.10 4.63 23.42 15.16 49.69 
δ 0.35 0.01 0.33 0.48 1.15 
2. 
ro
as
ti
n
g
 i
n
 t
h
e 
o
v
en
 
180C/10 min 
?̅? 6.83 4.46 22.50 15.09 51.11 
δ 0.12 0.12 0.19 0.21 0.65 
3. 180C/15 min 
?̅? 6.95 4.87 23.23 15.18 49.76 
δ 0.06 0.03 0.03 0.08 0.03 
4. 200C/10 min 
?̅? 7.14 4.87 23.48 16.18 48.32 
δ 0.06 0.03 0.03 0.08 0.03 
5. 200C/15 min 
?̅? 7.40 4.38 24.27 18.79 50.35 
δ 0.47 0.29 1.00 0.79 0.83 
6. 220C/10 min 
?̅? 6.92 4.56 22.12 15.45 50.95 
δ 0.18 0.04 0.16 0.25 0.12 
7. 220C/15 min 
?̅? 6.73 4.35 22.75 15.12 51.05 
δ 0.13 0.09 0.15 0.03 0.15 
8. 
ro
as
ti
n
g
 i
n
 t
h
e 
m
ic
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w
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e 
400 W/5 min 
?̅? 7.18 4.87 23.30 15.31 49.33 
δ 0.71 0.03 1.40 0.67 1.47 
9. 400 W/9 min 
?̅? 6.90 4.49 22.65 14.97 50.98 
δ 0.23 0.09 0.51 0.06 0.43 
10. 650 W/5 min 
?̅? 7.54 4.91 23.80 15.25 48.50 
δ 0.91 0.22 0.83 0.19 2.16 
11. 650 W/9 min 
?̅? 7.06 4.93 23.16 15.16 49.69 
δ 0.42 0.47 0.81 0.50 1.71 
12. 900 W/5 min 
?̅? 9.42 5.57 33.01 26.66 25.34 
δ 0.18 0.11 9.78 0.81 0.66 
13. 900 W/9 min 
?̅? 9.87 5.55 33.96 29.45 21.16 
δ 0.54 0.09 0.44 0.88 0.61 
14. 
b
ak
in
g
 
crumb/≤100oC 
?̅? 7.17 4.96 23.32 15.73 48.81 
δ 0.05 0.01 0.39 0.28 0.07 
15. crust/≤230C 
?̅? 7.00 4.60 23.57 15.20 49.20 
δ 0.05 0.00 0.57 0.54 0.57 
average 7.44 4.81 24.64 17.38 47.34 
variation coefficient 12.91 7.95 18.48 26.82 22.33 
 
The microwave process was important for fatty acid composition [Tab. 2]. The use of power 
400-640 W at 5 and 9 min caused slight changes (1-4%) in the share of two saturated acids – C16:0 
and C18:0. Significant increase in the share of these acids was observed with 900 W, 33% (5 min) 
and 40% (9 min) for C16:0 and 20% (both, 5 and 9 min) for C18:0. The shares of other fatty acids 
were in range of 22.65-23.80% for C18:1, in range of 14.97-15.31% for C18:2, and in range of 48.50-
50.98% for C18:3. Significant changes were observed for 900 W, in both 5 and 9 min. Observed 
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increase was about 20% for C18:0, 33% (5 min) - 39% (9 min) for C16:0, and 41.00% (5 min) - 
45.00% (9 min) for C18:1. 
 Baking did not cause significant differences in fatty acid composition [Tab. 2]. In case of the 
crust, decrease in the share of individual fatty acids in flax seeds was small, in range of 1-2%. 
However, in the case of the crumb, there was 7% increase in the share of C18:0. Also 3% increase 
was observed for C18:2. 
The use of selected modifications affected on fatty acids composition in fat of flax seeds [Tab. 
2]. The most variable were C18:1 and C18:3, the coefficients of variation for these fatty acids were 
26.82% and 22.22%, respectively. The lowest coefficient of variation was 7.95% and belonged to 
C18:0. 
 
Fatty acid composition of sunflower seeds 
In the fat of untreated sunflower seeds dominated two unsaturated fatty acids: C18:2 – 58.60% 
and C18:1 – 32.16%. The share of saturated fatty acids was 6.33% for C16:0 and 2.39% for C18:0. 
However, share of C18:3 was lower than 1% [Tab. 3]. 
Similar results, compared to this research, were received by Płucienik et al. [12]. They studied 
the sunflower seeds, which were from two seasons (2007 and 2008). Also Draganić et al. [18] in their 
article provided comparable results for the share of individual fatty acids. Only in their research did 
they find the presence of C18:3, and the share of C18:0 was almost twice higher. 
 The share of C16:0 in sunflower seeds subjected to roasting in the oven was 6.265% (180oC, 
15 min) – 7.35% (220oC, 15 min). The use of this modification resulted in up to 30% increase in the 
share of this fatty acid (30 % for 180oC, 10 min and 33% for 220oC, 15 min). Similarly was with the 
share of the second saturated acid – C18:0. Its share increased by up to 60% (220oC, 15 min) or 61% 
(180oC, 10 min). In all analyzed variants of the roasting modification, a favorable change in C18:1 
share was noted. The share of C18:1 was 34.61-39.29% (an increase of 8-23%). The lower limit of 
the range observed at 220oC and 10 min roasting in the oven modification, but the upper limit 
belonged to 180oC and 10 min roasting modification. C18:2 in all analyzed samples decreased, even 
nearly 20% (220oC, 15 min). The share of C18:3 was small, but roasting in the oven caused significant 
changes, even up to 0% for 180oC/10 min and 220oC/10 min [Tab. 3]. 
 The microwave process caused significant increase in the share of individual fatty acids [Tab. 
3]. Increase of C16:0 share was from 2% (900 W, 9 min) to 75% (400 W, 9 min), C18:1 share was 
from 3% (900 W, 5 min) to 34% (400 W, 15 min), and C18:0 share even to 2.2 times (400 W, 9 min). 
In turn, downward trend was observed for C18:2, where the share was even 43.31% for 400 W and 9 
min roasting in the microwave modification. This value was 1.4 times less than in the control sample. 
Using modification by microwaves caused disappearance of C18:3. 
 The use of baking had different effect on the composition of fatty acids of sunflower seeds 
present in both the crust and the crumb [Tab. 3]. The seeds in the crumb were characterized by 
increase in the share of fatty acids, about 10% for C16:0, 12% for C18:0 and 17% for C18:2. Only 
for C18:1, the value obtained in the research was lower and was 52.36%. However, the seeds 
separated from the crust showed increase of C18:3 to a value of 0.6% and C18:1 to a value of 34.79%. 
In other fatty acids was observed decline of 2 -5%. 
 As a result of the heat treatment, the share of saturated and unsaturated acids was changed as 
compared to the control sample [Tab. 3]. The most visible changes were observed for C18:3 share. 
This acid characterized by the highest coefficient of variation (68.06%). High variation coefficients 
(>17%) were recorded also for saturated fatty acids, C18:0 and C16:0. 
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Table 3. Fatty acid composition [%] in sunflower seeds - before and after modifications. 
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1. - - 
?̅? 6.33 2.39 32.16 58.6 0.52 
δ 0.07 0.12 0.06 0.17 0.04 
2. 
ro
as
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n
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n
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180C/10 min 
?̅? 8.24 3.84 39.29 49.155 0.00 
δ 2.55 1.82 4.99 0.74 0.00 
3. 180C/15 min 
?̅? 6.265 2.27 35.53 55.97 0.56 
δ 0.03 0.00 0.01 0.09 0.00 
4. 200C/10 min 
?̅? 6.89 2.78 35.22 53.255 1.86 
δ 0.77 0.39 1.31 2.58 0.09 
5. 200C/15 min 
?̅? 6.48 2.59 34.61 55.73 0.59 
δ 0.37 0.16 0.25 0.77 0.01 
6. 220C/10 min 
?̅? 7.35 3.17 37.29 52.18 0.00 
δ 1.44 1.03 2.60 0.18 0.00 
7. 220C/15 min 
?̅? 8.40 3.82 39.61 48.415 0.71 
δ 2.61 1.92 0.74 0.62 0.00 
8. 
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400 W/5 min 
?̅? 6.53 2.42 34.88 56.17 0.00 
δ 0.06 0.06 1.06 1.06 0.00 
9. 400 W/9 min 
?̅? 11.06 5.21 43.02 43.31 0.00 
δ 0.74 0.00 0.55 0.39 0.00 
10. 650 W/5 min 
?̅? 6.73 2.53 33.96 56.77 0.00 
δ 0.28 0.19 0.41 0.06 0.00 
11. 650 W/9 min 
?̅? 7.02 2.83 34.165 54.96 2.03 
δ 0.47 0.12 1.38 1.16 0.00 
12. 900 W/5 min 
?̅? 6.62 2.29 33.14 57.94 0.00 
δ 0.19 0.16 0.50 0.15 0.00 
13. 900 W/9 min 
?̅? 6.44 2.41 34.74 56.41 0.00 
δ 0.09 0.15 0.23 0.29 0.00 
14. 
b
ak
in
g
 
crumb/≤100oC 
?̅? 6.94 2.67 37.78 52.36 0.54 
δ 0.77 0.32 0.46 0.17 0.27 
15. crust/≤230oC 
?̅? 6.59 2.35 34.79 55.97 0.60 
δ 0.36 0.05 1.23 1.12 0.00 
average 7.19 2.91 36.01 58.81 0.93 
variation coefficient 17.33 27.92 7.98 7.06 68.06 
 
Fatty acid composition of sesame seeds 
The shares of C18:1 and C18:2 in the fat from untreated sesame seeds were on the same level, 
42.56% for C18:1 and 41.15% for C18:2. Saturated acids were in these seeds at a relatively low level. 
The share of C16:0 was 10.98%, while the share of C18:0 was 5.32%. There was no presence of 
C18:3 in sesame seeds fat. 
Ashgar et al. [19] in their research obtained similar results, the share of all unsaturated fatty 
acids in sesame seeds was 85% of total fatty acids. Similar results were also received by 
Kondratowicz-Pietruszka [20] and Hassan [21]. The first author examined seeds with a dark brown 
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color and strong aroma, while the second author analyzed sesame seeds of Giza 32 and Shandawil 3 
varieties from Egypt. 
 
Table 4. Fatty acid composition [%] in sesame seeds - before and after modifications. 
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180C/10 min 
?̅? 11.28 5.11 42.37 40.00 2.46 
δ 1.15 0.39 1.17 0.97 0.00 
3. 180C/15 min 
?̅? 10.39 5.23 43.61 41.62 0.00 
δ 0.24 0.13 0.48 0.35 0.00 
4. 200C/10 min 
?̅? 10.48 5.07 42.00 41.25 2.22 
δ 0.13 0.30 0.14 0.88 0.00 
5. 200C/15 min 
?̅? 10.91 5.04 42.52 41.53 0.00 
δ 0.00 0.00 0.00 0.00 0.00 
6. 220C/10 min 
?̅? 10.70 5.64 42.10 40.59 0.00 
δ 0.00 0.00 0.00 0.00 0.00 
7. 220C/15 min 
?̅? 10.11 5.36 41.70 41.77 0.48 
δ 0.00 0.00 0.00 0.00 0.00 
8. 
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n
g
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h
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m
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w
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400 W/5 min 
?̅? 12.04 5.10 42.86 42.55 0.00 
δ 1.75 0.00 1.14 0.71 0.00 
9. 400 W/9 min 
?̅? 10.93 5.44 41.73 41.30 1.18 
δ 0.62 0.14 0.34 0.70 0.00 
10. 650 W/5 min 
?̅? 10.91 5.28 42.11 41.69 0.00 
δ 0.08 0.34 0.23 0.19 0.00 
11. 650 W/9 min 
?̅? 11.00 5.73 42.09 41.16 0.00 
δ 0.08 0.63 0.94 0.23 0.00 
12. 900 W/5 min 
?̅? 10.45 5.06 41.51 42.05 0.93 
δ 0.00 0.00 0.00 0.00 0.00 
13. 900 W/9 min 
?̅? 12.38 4.94 43.93 41.21 0.00 
δ 1.28 0.00 2.41 0.21 0.00 
14. 
b
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crumb/≤100oC 
?̅? 10.49 4.95 42.54 42.02 0.00 
δ 0.98 0.22 0.37 0.69 0.00 
15. crust/≤230C 
?̅? 10.75 5.15 42.58 41.52 0.00 
δ 0.98 0.12 0.01 0.21 0.00 
average 10.92 5.23 42.42 41.43 1.45 
variation coefficient 5.53 4.53 1.58 1.47 58.62 
 
The share of C16:0 in sesame seeds after roasting in the oven was in the range of 10.11% 
(220oC, 15 min) – 10.98% (180oC, 10 min). At the lower limit of value 8% decrease was observed, 
but at the top is 3% increase, compared to the control sample. Second saturated acid, C18:0, were 
observed in the lowest values for modifications at 200oC in both times, 10 min and 15 min. These 
values were 5.07% and 5.04%, respectively. Increase (6%) in the content of this acid was observed 
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only for 200oC during 10 min of roasting time. No visible changes were observed for the share of 
C18:1 and C18:2 [Tab. 4]. 
The use of roasting in the microwave caused significant decrease in C16:0 share at 220oC and 
5 min. The highest share of this acid was characterized by the seeds obtained after roasting at 180oC 
and 5 min (it was 12.04%) as well as 220oC and 9 min (it was 12.38%). 8% increase in C18:0 share 
was observed for modification at 200oC and 9 min, while the biggest decline was noted at the same 
time duration of roasting but for modification at 220oC. Changes in the share of C18:1 and C18:2 
were slight and amount to 2-3% up or down. Similar to roasting in the oven, microwaving caused 
increase the share of C18:3. Increase was observed for 5 min roasting at 180oC and 200oC, and it was 
0.48% (180oC) and 1.18% (200oC) [Tab. 4]. 
The saturated fatty acids present in sesame seeds – C16:0 and C18:0 were characterized by 
decreases during baking. Bigger negative changes were observed for the crumb (5-7% decrease). The 
shares of unsaturated fatty acids, C18:1 and C18:2, were maintained at a similar level, both for the 
crumb and the crust [Tab. 4]. 
The share of saturated fatty acids in sesame seeds fat was 10.92% (C16:0) and 5.23% (C18:0), 
these results were lower than their share in the control sample. Similarly for C18:1, whose share was 
also slightly lower. C18:3 was not present in the control sample, but its share in sesame seeds fat after 
modification was 1.40%. For this acid, there was also the highest value of the coefficient of variation 
(about 60%), while for other acids were in the range of 1.47% (C18:2) – 5.53% (C16:0) [Tab. 4]. 
 
Effect of modifications on saturated, monounsaturated and polyunsaturated fatty acids in oilseeds 
 The most visible changes in the share of fatty acid in flax seeds fat were observed for the 
microwave process, 32% for saturated fatty acids (SFA), 45% for monounsaturated fatty acids 
(MUFA), and 2.5% for polyunsaturated fatty acids (PUFA), compared to control samples [Tab. 5]. 
In addition, roasting in the oven and baking processes had a positive effect on the share of MUFA, 
increase of 18% (roasting in the oven) and 50% (baking). 
 The use of roasting in the oven, roasting in the microwave and baking on the sunflower seeds 
resulted in a significant reduction in PUFA share [Tab. 5]. The biggest decrease in share was observed 
in the case of microwave roasting (decrease of 27%). The roasting processes resulted in significant 
increase in SFA (was 12.22% for roasting in oven and 13.67% roasting in microwave) and MUFA 
share (was 39.01% for roasting in oven and 43.02% roasting in microwave). 
 The use of modifications in sesame seeds did not cause significant changes in SFA, MUFA, 
PUFA share [Tab. 5]. 
 
Discussion of results 
 Only small differences in the fatty acids composition of sesame seeds were shown in the study. 
Bigger changes were found for flax seeds subjected to roasting in the microwave and for sunflower 
seeds subjected to roasting in the oven. 
Similar observations noticed Płuciennik et al. [12]. They studied the influence of roasting in 
hot air on fatty acid composition in sunflower seeds and observed that the roasting process minimally 
reduced of unsaturated fatty acids content (reduction of C18:2 by 1.76% and C18:1 by 7.25%). Anjum 
et al. [22] tested the KL-39 and FH-330 sunflower seeds varieties. They found that microwaving 
process increased share of C18:1, decreased share of C18:2, but the share of saturated fatty acids 
stayed at the same level. Biernat et al. [23], when studied the composition of fatty acids of different 
nuts and seeds, noted that sesame seeds had the highest share of monounsaturated fatty acids (41.51% 
of total fatty acids), what could explain their lower sensitivity to temperature. 
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Table 5. Share ranges of groups of fatty acids [%] in studied oilseeds. 
se
ed
 t
y
p
e 
m
o
d
if
ic
at
io
n
 
p
ar
am
et
er
s 
m
in
im
u
m
 v
al
u
e/
 
m
ax
im
u
m
 v
al
u
e 
FATTY ACIDS [%] 
sa
tu
ra
te
d
 (
S
F
A
) 
m
o
n
o
u
n
sa
tu
ra
te
d
 
(M
U
F
A
) 
p
o
ly
u
n
sa
tu
ra
te
d
 
(P
U
F
A
) 
flax 
control - 11.73 23.42 64.84 
roasting in the 
oven 
min. 9.59 22.12 64.50 
max. 12.01 27.55 66.39 
roasting in the 
microwave 
min. 9.52  22.65 50.61 
max. 15.42 33.96 66.32 
baking 
min. 11.60 23.32 64.54 
max. 12.13 35.17 64.82 
sunflower 
control - 8.72 32.15 59.12 
roasting in the 
oven 
min. 8.53 34.61 48.77 
max. 12.22 39.01 56.31 
roasting in the 
microwave 
min. 8.84 33.14 43.31 
max. 13.67 43.02 57.94 
baking 
min. 8.94 34.79 52.62 
max. 9.60 37.77 56.27 
sesame 
control - 16.29 42.56 41.15 
roasting in the 
oven 
min. 15.47 42.00 40.59 
max. 16.40 43.07 42.36 
roasting in the 
microwave 
min. 14.85 41.51 41.16 
max. 16.74 43.93 42.98 
baking 
min. 15.44 42.53 41.51 
max. 15.90 42.58 42.02 
 
Summary 
 The modifications used in the research such as roasting in the oven, roasting in the microwave 
and baking had the influence on the fatty acid composition of consumer oilseeds (flax, sunflower, 
sesame). The strength of influence was dependent on the type of fatty acid and the type of seed. 
Parameters of roasting such as temperature, power, time, or location of seeds during baking were also 
important factors. 
 Significant changes in composition of saturated (palmitic, stearic) and unsaturated fatty acids 
(oleic, linoleic, linolenic) were observed during roasting of flax seeds. In addition, the share of 
linolenic acid in flax seeds fat was characterized by a downward trend with increasing temperature 
and process time. In sunflower seeds were observed increase of the share of saturated fatty acids 
(higher temperatures and longer roasting time) and monounsaturated fatty acids (oleic), with decrease 
in the share of polyunsaturated fatty acids (decreased with increasing temperatures). There was no 
significant change in the share of sesame seed fatty acids. 
 After the microwave process, there were noticeable changes in the composition of flax seed 
fatty acids only when using the highest microwave power (900 W). In this case, increase in the share 
of saturated fatty acids (palmitic, stearic) was observed, similarly for sunflower seeds. In case of 
sunflower seeds also was noted slight increase in the share of monounsaturated fatty acids. For 
microwave roasting of sesame seeds, the influence of the time on the share of mono- and 
polyunsaturated fatty acids was noticeable. 
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 The baking process had a variety influence on the fatty acids composition of the oilseeds. For 
sesame seeds no significant changes were observed, for flax seeds were observed increase of stearic 
and palmitic acids, while in sunflower seeds this process reduced the linolenic share in seeds placed 
in the bread crust. Therefore, oilseeds should not be used as a topping, because the high temperature 
and long time baking causes significant losses of bioactive components. 
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